The expanding digital divide deprives students in developing countries with opportunities for education. Advanced countries have the ability to enhance those opportunities. For this study, the authors set up and tested a remote lecture system using a commercial communication satellite beginning in 2002. This project attempted to solve issues in remote lecture systems using conventional satellite systems, and to build up a real-time collaborative lecture delivery system using a new satellite, called the Wideband InterNetworking engineering test and Demonstration Satellite (WINDS). This work proposes a remote education system using satellites, enabling the issues raised in the pilot experiments to be solved. Principal outcomes in this project include improvements of the quality of image and sound, and the communication delay. The authors also demonstrate the usefulness of WINDS in the education field.
Introduction
Collaborative e-learning systems using an ultra-high speed Internet satellite provide opportunities to conduct a new-type of remote lectures. This technology excels at providing a realistic presence in conversation during the lecture compared to conventional delivery systems. This study proposes a new-type of remote lecture system using the ultra-high speed Internet satellite and verifies the educational effects of the proposed system. Through this study, the authors demonstrate possible implementations of satellite communication in the education fields and how they can be useful.
Computer network based e-learning systems have attracted the public eye in light of the following advantages. They are (1) useable regardless of learning time and place; (2) providing high cost performance; (3) they facilitate developing and updating learning materials; and (4) they are capable of managing learning progress and learning stages. While advanced countries such as the European Union, Japan, and the United States recognize the potential of e-learning, many developing countries face serious problems such as the digital divide, lack of the teachers, and inadequate institutions for higher education institution.
In relation to the digital divide, the information infrastructure that has developed in advanced countries is not sufficient in developing countries. An e-learning system using satellite communication systems is expected to be one of the solutions to solve such problems.
Satellite communication systems have the following advantages compared to terrestrial communications such as the Internet. The system can connect any location such as the back-countries, mountain-ringed regions, and isolated islands, while concurrently delivering content to multiple sites. It also covers wide-area and can provide service to not only Japan, but to neighboring regions as well.
The Wideband InterNetworking engineering test and Demonstration Satellite (WINDS) was named "KIZUNA" after it was launched on 23 February 2008. The WINDS-based collaborative e-learning project is a trial for developing an advanced e-learning system with an ultra-high speed Internet satellite.
The WINDS e-learning project has several aims. First, it aims to show that applications work normally on a mesh-type network through remote education experiments. Second, the project seeks to verify the usefulness of multi-site and real-time remote lectures for both human resource development and enhancing cross-cultural understanding. The project has been promoted by three actors; namely the University of Tsukuba (UT); Japan Aerospace Exploration Agency (JAXA); and KDDI, Inc. In this article, the authors mainly describe outline of the e-learning experiments with WINDS at UT.
Some literatures streams related to information engineering or multimedia education address implementing satellite systems into the education fields. Niiyama and Nishihara reported lecture delivery of the graduate school courses at the Tokyo Institute of Technology (Tokyo Tech) 1) . Their delivery system used parallel channels; both the satellite network and the Internet. This differs from the WINDS-based system this paper discusses. The authors developed a single channel delivery system by using the WINDS' wideband services. From the viewpoint of human resource development, Yamaguchi, et al. discussed the information technology simultaneous satellite lecture provision 2) . Their discussion focused on research and educational activity cooperation among Asian countries. In particular, their discussion revolved around a distance education program case between Tokyo Tech and Asian Institute of Technology (AIT). As a sequel to the forecited paper, Yamaguchi, et al. reported on a study of satellite lectures at Tokyo Tech 3) Source: illustrated by the authors. reported some important factors for successfully providing remote lectures. Likewise, application research studies with the WINDS satellite provide some interesting attempts. Nakazawa, et al. attempted to apply "HyperMirror," a special type of videoconferencing system, to distance learning with WINDS 4) . In the education field, various activities use communication satellites. This study proposes a new education style and proceeds with research and development of the satellite for use as a remote lecture system. This paper is organized as follows. In addition to stating this project's aims, Section 2 demonstrates the merits of lecture delivery under the effect of the digital divide and describes previous activities and issues to be solved. In Section 3, the authors introduce the outline of WINDS and lecture delivery-participation design. In Section 4, the authors describe the trials for building the advanced e-learning system with the satellite and the experimental results during the 2008 academic year. Section 5 briefly concludes the series of experiments and discussions of the project and highlights further constructive issues.
Lecture Delivery Via Network

The digital divide and satellite communication
The digital divide is a fact of life. The expanding divide deprives students in developing countries with opportunities for education. In advanced countries, IT-aided education systems with the help of the Internet enable students to attend classes in real-time regardless of where they are physically located. Even students who live in rural areas can attend classes of far-away schools through the network. Students who live in developing countries, however, without terrestrial lines of sufficient bandwidth cannot do this. A satellite connection using an earth station at hand can be a solution to this issue.
A satellite connection brings significant benefits to developing areas without terrestrial lines. If a portable antenna can be set up, people can receive information via the satellite. It would be beneficial for students in developing countries to have a remote education system that uses such a satellite connection.
Pilot lecture delivery experiments
The authors have tried setting up a remote education system using a commercial communication satellite such as the SUPERBIRD managed by SKY Perfect JSAT Corporation since 2002.
The pilot experiments toward the WINDS experiments have been trying a two-way real-time delivery of lectures using video and audio. The experiments' participants included the Asian Institute of Technology in Thailand, Multimedia University (MMU) in Malaysia, and the University of Tsukuba in Japan. The provided bandwidth in the experiments was 2 Mbps (maximum).
During these attempts, some problems became obvious, including (1) the quality of the image and sound, and (2) communication delay. Details of the issues are discussed in the following section.
Issues with systems using conventional satellites
First, a real-time lecture delivery requires both high-quality images and sounds. Realistic presence is one of the important factors in real-time lecture delivery. Because the audiovisual quality depends on the bandwidth and protocols, the narrow bandwidth satellite communication systems used previously have proven to be insufficient to deliver high-quality educational content.
Second, a geostationary satellite communication inherently involves a certain amount of time delay. In addition, communication using a star network topology (see Figure 1 ) in which one of the ground stations is the center node requires multiple hops when other nodes try to communicate with one another. This doubled delay greatly affects the communication quality. The problem related to the number of hops is a bottleneck of inter-node communication. In a conventional star topology network, the communications between client sites require more hops than those between the client and the center nodes, because those from client sites always go through the center node.
A more effective system, therefore, one that uses a mesh network technology is desirable for a collaborative educational environment. Such a multi-site system would enable students and teachers to communicate interactively, while the conventional satellite system cannot provide sufficient bandwidth for this functionality to occur.
Aims of this project
The authors attempt to solve the aforementioned issues using WINDS. Our efforts have entered a new phase due to the launch of WINDS, which occurred on 23 February 2008. The main purposes of this project are to design and evaluate an educational system that can effectively operate multi-site remote lectures and to establish an advanced e-learning educational foundation.
Using a satellite enables areas without ground-based network infrastructure to receive education through e-learning.
Using the features of WINDS, it is possible to provide a high-speed collaborative network with 1-hop delay that connects multiple sites. This enables educators to deliver a High Definition Television (HDTV) class video.
In addition, portable terminals will enable students to use e-learning contents anywhere, any time. With this project, the authors aim to design a real-time collaborative lecture delivery system using WINDS and to evaluate the system through multiple seminars delivered from different sites.
Delivering Collaborative Lectures Using a High-Speed Internet Satellite
In this project, the authors aimed to solve the issues of the conventional satellite using a geostationary satellite functioning as a high-speed network hub floating in space.
WINDS
The WINDS features desirable functions for a multilateral, collaborative, and real-time e-learning system. According to the JAXA official announcements, including the JAXA Web site, reports, and other articles related to WINDS [5] [6] [7] [8] [9] , the authors provide the following overview of the WINDS' specification in this section.
The WINDS satellite has been developed according to the "e-Japan Priority Policy Program" of the "Japanese Cabinet IT Strategy Headquarters." JAXA and the National Institute of Information and Communications Technology (NICT) have promoted research and development projects on a joint basis with the aim of constructing of the world's most advanced information and telecommunications network since April 2001. The WINDS project aims to develop and verify the key technologies for future ultra-high data rate satellite communications. This effort will create and demonstrate new uses for satellite communications through various space experiments. The satellite is thus loaded with new functions in order to realize the project's aims. WINDS implements three new technologies: (1) ultra high-speed antenna; (2) Active Phased Array Antenna (APAA); and (3) onboard high-speed base band switching router. Each of these is described below.
The ultra high-speed antenna is composed of two components: a Multi-Beam Antenna (MBA) and a Multi-Port Amplifier (MPA). The MBA has double, high-precision reflectors 2.4 meter in diameter and enable communications to 19 areas in Japan and the Asia-Pacific region. The MPA is capable of flexibly distributing needed radiation power in response to the local traffic demands and the attenuation effects by rainfall. The regional rain-attenuation compensation function is a feature that allows WINDS to increase its transmission power for areas where it is raining and decrease power for areas with clear sky.
The APAA controls the antennas' communication direction flexibly and rapidly. Communication links can thus be established with any place in the Asia-Pacific region. The APAA realizes a maximum data rate of 155 Mbps communication with the 2.4 meter-class VSAT.
The onboard high-speed base band switching router, which was developed by NICT, can conduct packet cell-based switching up to 155 Mbps in three channels connecting the I/O ports. It is an Asynchronous Transfer Mode Baseband Switch (ABS). The major specifications of WINDS are summarized in Table 1. WINDS also includes earth stations, which are briefly described in the next paragraph. The major components of an earth station are the dish antenna, the Outdoor Unit (ODU), and the Indoor Unit (IDU).
In the WINDS system, communication capabilities depend on the dish diameter. We can classify the earth stations into four types according to specifications; namely, Large Earth Station (LES); Super-high Data Rate-Very Small Aperture Terminal (SDR-VSAT); High Data Rate-VSAT (HDR-VSAT); and Ultra Small Aperture Terminal (USAT). The major difference among the types is in each antenna's diameter. Specification of LES and SDR-VSAT earth stations are listed briefly in Table 2 .
Lecture delivery-participation design
This section introduces the design of the remote lecture delivery using the WINDS satellite. The features of the near-symmetric design to use the mesh-type connection that WINDS provides are as follows.
Video
Two video cameras are provided in each classroom to provide views of the lecturer and the students to the remote sites. A single video channel will be broadcast from each site to the other sites. From the delivery site, the scene of the speaking lecturer should be the main video content. The stream should be switched to the second camera, however, providing other scenes as necessary for the lecturer. Viewing the attendees at the delivery site may be helpful in order for the remote attendees to grasp the atmosphere of an actual classroom.
From the remotely participating classrooms, the view of the attendees will be broadcast to the other sites. It should be helpful for the lecturer to have a view of the remote students while speaking. During a question-and-answer session, the cameras angle should be manually controlled to provide a good view of the questioner and help the lecture be more interactive and collaborative.
Audio
High-quality audio is the most important information channel for successfully delivering a lecture. Each classroom should have at least two microphones and a high-quality amplifier-speaker system. A minimum of two audio channels should be transmitted from each site to the other sites.
The main audio channel will naturally be the voice of the lecturer. This voice should be audible in all classes with good quality. Interaction between the lecturer and the local/remote students should be shared so that all sites can hear the audio clearly. When considering an interactive lecture, it is anticipated that the time delay due to the satellite communication and audio/video encoding may become a hurdle to be overcome.
If the presentation materials include audio content, it is desirable that they will be clearly audible in all classrooms as well.
Presentation materials
Materials commonly used in lectures, such as PowerPoint presentations usually require a computer-monitor resolution so that the attendees can see them clearly and understand their. A standard-definition video channel, therefore, is not suitable for sending presentation materials. Because the pages are mostly still images, direct digital broadcasting of screenshots, or a synchronized paging of materials played at each site, may be sufficient. Animated pages, however, should be played without fail. In addition, tracking the pointer the lecturer uses is important for the remote students to follow the lecture context in using the presentation materials.
Interactions
Regardless of how good the quality of the video, audio and viewgraph, the remote attendance will never be more "real" than actually attending the class locally. Using video, audio and lecture materials in a suitable way, however, will certainly aid the interactivity and the lecture attending experience. One of the aims of the lecture delivery experiments is to accumulate knowledge regarding what constitutes a positive remote attending experience.
The authors designed a lecture delivery participation system using WINDS to address the aforementioned issues. It is described in the next section.
The Lecture Delivery Experiments
Aims and scope
The authors have designed this project to solve the issues of the remote education system and to investigate potential applications of WINDS. The project aims to develop network-oriented e-learning contents using the WINDS satellite. The Project name is "Asia e-Learning Project (AeP)." In the following section, the authors describe the setting of the e-learning experiments and lecture plans, and discuss the results and perspectives learned.
Classroom, equipments, and software
The educational programs will be delivered via WINDS during the 2008 to 2011 academic years. Those programs include remote lectures, symposiums, and workshops. The main content of the programs is remote lectures, consisting of a several series such as regular, intensive, or spot lectures. In the remainder of this section, the authors introduce and discuss the e-learning experiments with WINDS that occurred in the 2008 academic year.
The purpose of the e-learning experiments is to demonstrate Tables 3 and 4 . The outline of the experiments appears in Table 3 . Table 4 indicates the details of the remote lecture series. Lectures are held from 15:15-18:00 Japan Standard Time, corresponding to 13:15-16:00 Thailand Standard Time and 14:15-17:00 Malaysia Standard Time. This time period corresponds to the fifth and sixth daily timeslot in the academic timetable of UT.
Experimental items
The experiments will be conducted among following locations: UT and JAXA Tsukuba Space Center (TKSC) in Japan; MMU in Malaysia; and AIT and National Electronics Computer Technology Center (NECTEC) in Thailand. The experimental goals are two-fold: (1) experimental realization of the mesh-type network; and (2) Source: illustrated by the authors. Source: illustrated by the authors. response, which is an advantage of the mesh-type network. The second goal aims to prepare for the formal lecture courses that will be held after the 2009 academic year. The experiment puts an e-learning system, which consists of three sites in UT, AIT, and MMU, into practical trials. Each university responsibly handles numerous lectures such as technical writing classes and debate seminars. Throughout the lectures, the experiment will investigate problems that occur when the lecturer and attendees, who are scattered among several remotely located sites, communicate with one another. The experiment will also identify solutions for problems identified. In particular, the experiment investigates the transmission delay deterioration of video and audio due to bandwidth; extends of influence of defects in delivery of materials associated with the lecture; and responds to a series of such troubles.
The authors focus on the second item, the investigation of the effective methods and modality of the remote education, according to the main purpose of this presentation.
The experimental configuration and components are demonstrated and listed in the associated figures and tables. Figure 2 demonstrates the network composition used in the experiment conducted from February 14-24. The specific set up we established is as described in the remainder of this section.
We set up three classrooms for the experiment at each university. The classroom configuration during the lecture's delivery at each of the three universities is illustrated in Figures 3, 4 , and 5.
In a classroom at UT, we set up two cameras and three displays (see Figure 3) . According to standard requirements, cameras and displays were controlled manually when delivering lectures.
The rear camera focuses on the lecturer, and writings on blackboard as necessary. The front camera basically takes pictures of the attendees. When lectures are in question-and-answer period, the camera zooms up the questioner.
Both front displays are screens of projectors. In this experiment, the left screen displays the appearance of other sites and the right screen displays lecture materials. The rear display is also a screen of a projector, which also displays the other sites.
This layout enhances the realistic presence of a classroom experience for both lecturers and students. Lecturers can indiscriminately speak to both on-site and other sites' attendees. These circumstances are close to the ideal collaborative system in an e-learning environment.
At the other sites, namely AIT and MMU, the authors also set up a classroom for remote lectures according to the requirements. Due to the size of the classroom at AIT, the layout was trimmed (see Figure 4) . In this case, a camera is placed only in the rear of the classroom. During the lecture, the camera is fixed at the rear and is moved to the front when students are discussing issues with participants at other sites. Both front displays are also screens of projectors. A rear display is a large screen television, which also shows the other sites for the lecturer.
The AIT layout is also unique in that the rear display seats in aligns with the camera. In this design, attendees at the other sites can feel that a lecturer is speaking directly to them.
MMU, in contrast to AIT, set up an expansive layout (see Figure 5 ). Because the classroom for the remote lecture in MMU is an audiovisual type of laboratory, the audio and visual (AV) equipment is already in place. A display at center of the front of the classroom is a large projection type television, and displays at each side of the front of the classroom are high definition plasma display panel televisions. There are also two displays at the rear of the classroom.
The classroom at MMU also has a console control unit for the AV equipment. The operator at the console controls the attached cameras. The angle and direction of the cameras are controlled at will by the console operator.
The authors also conducted a survey via a questionnaire on the layout of audio-visual equipment and quality (image and sound) of the information presented, and the lecture content. Questionnaire answers for both attendees and lecturers are listed in Tables 5 and 6 . The survey dates were February 16, 17, 23, 24, and March 17, 2009. The total respondents to the questionnaire included 25 students.
In the following section, the authors discuss the results of the remote lectures and the questionnaire survey.
Results
The results are described in the order corresponding to the experimental records and the survey reports. The remote lecture series planned in Tables 3 and 4 were successfully. Figure 6 illustrates the appearance of a classroom at UT on February 9. The authors achieved the original goals this research established and identified several issues for further research.
Major incidents that occurred in the series of lectures are as follows. In first delivery on February 9, communication noise trouble happened in the connection between AIT and the other sites. The authors pushed through the experiment, leaving the trouble in Thailand only. Considerable noises were observed in communication. The video quality suffered from significant compared to ideal conditions. There were frequent instances when the associations between the sites were disconnected during the lecture. 2) Understanding (multiple-choice; one of five options)
3) The good and bad points the comments of lecture (description) Source: described by the authors. Table 6 . Questionnaire Entries for Lecturers.
The good and bad points the comments of implementation system (description) Source: described by the authors.
Tropical rains occurring at the time of the experiment also affected the results. Because Malaysia and Thailand belong to tropical rainforest climate, "squalls" often occur in the afternoon. During the latter days of the experiments, MMU in particular suffered from the influence of squalls. On March 16 and 17, when MMU was delivering the lectures, the squall influence actually shut down associations with MMU. The authors suspended the lectures and attempted to resume according to the on-site situation.
The attendee and lecture answers to the questionnaire are listed in Tables 7 and 8 , respectively. The attendees were generally satisfied with the quality of presented information. Because surplus appreciation (excellent and delightful) of the question A-3 dipped from 50%, there is room for improvement in the equipment set up.
Some comments were hard on the satellite system (e.g., the last item in A-4). Resolving this issue is important for moving toward stable operation for the 2009 academic years and following.
The lecturers were generally satisfied with the system. Most of the lecturers tried to have a conversation with attendees in front of them and at the other sites as shown in the display. A series of exchanges featuring questions and answers went smoothly. Some lecturers, however, experienced trouble due to their unfamiliarity with the system when they asked questions of the other sites' attendees. They alternatively talked to the front and rear displays. This raises the issue of lecturers needing to be trained to actually deliver lectures across distances. There is an opportunity to develop some "best practices" for lecturers delivering class content in this way.
The set up and questionnaires prompted some questions. For example, is the front display that shows the other sites really necessary for on-site attendees when they participate in a class? Attendees, regardless of whether they are on-site or at a receiving site concentrate on keep up with the course content. It seems, therefore, that perhaps they do not need to see the appearance of other sites as the lecturer is speaking. As a matter of course, however, the question and answer time obviously needs a display that shows other sites so participants can see who is asking questions.
The representation function of the presentation application (MMC) also included a few inconveniences. One main issue is that the pointer the lecturer handled is not shown on the displays of MMC clients in the remote classrooms. The remote attendees were apt to lost lines that the lecturer explained on the viewgraphs. Because the on-site display shows the PowerPoint output directly, such a problem does not occur at the delivering site.
Discussion and perspectives
The main purpose of this project is to cultivate human resources from a global standpoint and from Japan's perspective. Delivering lectures and presentations, essentially "learning," to remote locations could be achieved to form an educational foundation. By orchestrating virtually learning from prestigious Asian universities, the country can stimulate, in a good sense, cooperation and competition on an international basis. The WINDS-based e-learning system gives Japanese students opportunities to be exposed to different culture on a daily basis that goes beyond existing student exchange programs. Delivering educational content can provide opportunities to cultivate a global standpoint and perspective.
Other countries know that Asia is one of the fastest-growing regions of the world and the region has prominently developed the advanced science and technology fields. It is desirable for WINDS to virtually orchestrate learning from prestigious Asian universities and consequently create ideal academic surroundings where students and professors can constantly develop through friendly competition on an international basis.
In the 2009 academic year, the authors plan to execute the next experiment using regular lectures throughout a semester A-4 Abstract from comments:
• The experiment is good. But it takes time to prove it in life. 
Abstract from comments:
• A lecture more smoothly went along than I thought. I would like to recommend that the setting lights up the classroom brightness and the lecturers mainly write on the blackboard in order to look at attendees in other sites with clarity.
• Although some accidents happened in February 23, I satisfied with the post response and the exposition of situation.
Source: described by the authors.
from September to November. The next experiment will attempt to use the regional rain-attenuation compensation function of WINDS, because Malaysia and Thailand will be experiencing their rainy season of their tropical rainforest climates.
Conclusion
The authors have successfully marked the beginning of the WINDS, "KIZUNA," satellite application in the educational field. The authors' first series of experiments demonstrate that WINDS greatly benefits remote education and holds potential for additional applications to instructional measurement and distributing lecture material.
To prepare for further research, the authors are addressing the remaining issues; that is, image and sound quality and realistic presence. Additional improvements of the image and sound quality will enhance the realistic presence of lectures. For future experiments, it will be important for lecturers to propose lecture management methods to operate the equipment and to pursue collaboration with other sites. In addition to all these benefits, it is more important to stimulate student attitudes toward learning. The authors will address these remaining issues throughout this project.
